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PREFACE

The Coastal Zone Color Scanner (CZCS) on board the
Nimbus 7 satellite was designed to measure surface radiance upwelled
from the ocean in 6 spectral bands. The CZCS spectrometer cbtains
its information from a rotating mirror and is timed to collect data
when the mirror views the earth surface between ca. 40° to the left
and right of the subsatellite track. Esch scan is divided into 1968 pic-
ture elements, pixels, of 0.04 degrees scan each. In order to avoid
direct reflected sun glint, the rotating mirror shaft can be tilted so that
scans cross the subsatellite track up to 20° forward or aft of the point
directly beneath the satellite. The CZCS is the first satellite borne
instrument to have this tilted scan capability and therefore poses some
new problems in locating the earth surface position of viewed pixels.
This report restates results of analyses performed by several members
of the Nimbus Experiment Team for the CZCS, using a consistent
coordinate system and terminology.

This work was supported by the National Aeronautics and Space
Administration, Contract No. N S 5-26249, and the US Department
of Commerce, National Oceanic and Atmospheric Administration,
Grant No. NASOAA-D-00007.
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THE CZCS GEOLOCATION ALGORITHMS

The location on earth of a pixel viewed at a certain tilt and scan angle is a complex problem in CZCS view-
ing geometry and spherical trigonometry. Presented here is the derivation of the Visibility Laboratory aigorithm
for CZCS pixel location. It was originally deveioped by Wayne Wilson and Raymond Smith of the Visibility
Laboratory, in collaboration with Jim Mueller of the Naval Post Graduate School, Monterey and Howard Gordon
of the University of Miami.

SATELLITE GEOMETRY

Fig. 1 defines the coordinate system used relative to the satellite. Note: angles are symbolized by greek
letters, vectors are symbolized by lower case letters superscripted with a bar (3), and rotation operators, (matri-
cies) are symbolized with capital letters.

Drrection of flight =

7 AXis

Fig. 1

DEFINITIONS

x axis  The x axis is along the direction of flight of the satellite, positive towards the radiocmeter sensor.

Z axis The z axis connects the center of the scan mirror and the center of the earth, positive towards the earth
and orthogonai to x axis at the point of intersection.

y axis The y axis is orthogonal to the x and z axes.

a @ is the vector through the shaft of the scan mirror (the mirror rotates about this vector). Vector a
rotates about the y axis in the x-z plane defining the tilt angle .

1) fi is a unit vector orthogonal to the surface of the scan mirror.
0 G 1s a unit vector along the x axis (oriented toward the sensor).
v vV is 2 unit vector from the direction of the pixel to the scan mirror.
Note that vectors 6, i, and ¥ lie in the same plane.
Om 0~ is the angle between 6 and .
T 7 i8 the tilt angie of the scan mirror shaft. (One half the "tilt" given in the subcommutated data.)

n n (not shown) is the mirror shaft rotation angle.




The tilt and scan angle are known parameters. From these we would like to calculate the nadir angle @ from
the z axis to vector ¥, and the azimuth angle ¢ from the x axis to the projection of ¥ on the x-y plane (Fig. 2).
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Fig. 2

For convenience in the derivations to follow it is desirable to rotate the coordinate system above to a
“natural” coordinate system such that z, = x, x, = -z, and y, = y (Fig. 3). In this system the angles describing

v. (8, and &,) can be more easily calculated from r and n. After ¥ is described in terms of 6, and ¢, the coordi-
nates will be rotated to the "satellite” system and 6 and ¢ derived.

Xn

Zn

(]

Sensor

"Normal" Coordinates

Fig. 3

Recall that vector 7l is the normal to the scan mirror and therefore is dependant only on tilt and scan for its

orientation. The initial position of vector fi at zero tilt and zero scan can be defined as lying in the x,—z, plane at
an angle 45° clockwise rotation from the z, axis, (Fig. 4).

In

O, = 45°

Mirror /

Fig. 4




&
£
3

Since 11 is a unit vector, its x, Y, Z, coordinates may be calculated:

Xq cos om -1 / \/2 —a
o= |Vo| = 0 - 0 =10] .
Zq sin 0, 1/2 a

The CZCS mirror tilts about the y, axis, (assumed to be through the surface of the mirror). The tilt angle 7
is defined positive when fi rotates in a counter clockwise direction. An Eulerian rotational operator T can be
defined such that it acts on f to cause a counter clockwise rotation about y,.

cost 0 sinrt
T= 1 0

—sint 0 cosr

The mirror scans about the mirror shaft; at zero tilt this shaft lies along the z, axis. An Eulerian rotational
operator S can be described to rotate i around the z, axis. When facing the negative z, axis direction. this rota-
tion is positive in a clockwise direction.

cosn sinn 0

S=|-sinn cosn
0 0

We would like to combine the operators into a single operator. Normally one considers the CZCS mirror to
scan about a tilted mirror shaft, however if we operate T on n the mirror shaft (fixed in relation to i) also rotates
out of alignment with z, and the use of S to scan about z, becomes invalid. It is mathematically valid to scan n
about z, first then tilt it about y, second. Vector 7 will have the same final coordinates anc the simpler Eulerian
operators can be used.

COST COsm Cost sinm sinT
TS=T(@S)=| =sinyg cos
—sinT COS7m —SinT Sinm CcoOS T

Therefore for any + and 7,

Xy ~a afsin r ~cos r cos n)
fi’ = y,.f = TS| O} = |]asiny
Z, a a{cos r +sin 7 cos y)

We now have the coordinates ‘or the mirror normal vector it after scan and tilt and can proceea to derive
the coordinates of vector v from the direction of ihe pixel. Recall that vector & is a unit vector lying along the z,
axis in the direction of the CZCS sensor.

i
0
1

Vector G is separated from vector fi by the angie 6,,. Because the angle of incidence to a mirror is equal to
the angle of reflection, vector v is also separated from i by angle 8., and lies in the same plane as vectors 6 and .




Fig. §

Since vector ¥ is directed into the mirror and vector 0 is directed away from the mirror, if vector Vv is subtracted
from vector 0 the resulting vector will lie along i with a length of 2 cos 8y, , (Fig. 5).

00— V=i 2c0s Oy

V=0-~1 2cos 6,

0~ 2cos 0, -a- (sin T — cos 7 cos )
Vv=10~20s0, a-siny
1 — 2cos 0, - a - (cos T + sin 7 cos )

With the coordinates of V, angle ¢, can now be calculated.

tandt,,-h- : sit
Xn Sin r —COS T COS 7

Note that computational machines return arctangent functions in the range of +90°. Therefore for normal scan
angles 180° must be added to the returned value of ¢, (Fig. 6). Therefore:

&, = 180° + arctan(sin n / (sint — cos r cos n) ) .
Sinice [G6] = i) = 1,

fl-o= |0l |fi} cos 8, = cos @, = alcos r + sin r cos ) .

8, = 20, .




8, = 2 arccos (alcos r + sin r cos 3) )

e e e e ———— ——

Vector V is now described in the "normal” coordinate system in terms of th= angles 8, and ¢,. To rotate
back to the "satellite” coordinate system recall tiiat:

“satellite” "normal”
X sin 8 cos ¢ Zq cos 0,
y| = |sin@sin ¢} = |y, | = |sin 6, sin &, )
z cos 8 —Xq —sin 6, cos ¢,

Therefore:
@ = arccos(—sin 8, cos ¢,)

and

& = arctan(y/x) = arctan(tan 8, sin ¢,) .

Due to the quadrant ambiguity of :"i: arctangent function, for negative tilts, 180° may need to be added to ¢ to
correct ¢.

PITCH - ROLL - YAW

The "satellite” coordinate system as defined above is fixed relative to the space craft. However, the satellite
may be rotated due to pitch, roll, and/or yaw relative to an "earth” coordinate system. The origin of the "earth”
system is the same as for the "satellite” system, the center of the satellite. The x direction is the instantaneous
tangent to the flight path, the z direction is towards the center of the earth, and y is orthogonal to x and z. The
"satellite” system will oscilate about the "earth” system by small angles generally less than a degree. Fig. 7 ¢ ows
the directions of the pitch, roll, and yaw rotations on the "earth” system, these rotations define the orientation of
the "satellite” system in Fig. 2.
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At this point we have vector V defined by angles ¢ and 6 relative to the "satellite” coordinate system. The x,
y, and z coordinates of ¥V may be calculated as in Eq.(1) above:

X = sin 8 cos ¢
v = Sin 9 sin ¢

Z=Cos 8

We now need to create a set of operators that will rotate the "satellite” x. y. z coordinates to a set of "earth”
x', ¥', Z’ coordinates for V. The order of correction is significant. The xyz coordinates must first be pitched about
the y axis, then rolled about the new x axis and finally yawed about the again new z axis. First the pitch operator:

cosp O sinp
- 0 1 0 .

-sinp 0 cosp

where p equals the pitch angle. Next the roll operator:

1 0 0
R=)0 cosr —-sinr
0 sintr cosr

Finally the yaw operator:
cosy -siny O
Y=|siny cosy O
0 0 1
These may be combined by first multiplying R on P and then multiplying Y on RP yielding YRP.

cosycosp+sinysinrsinp -—sinycosp+cosysinrsinp cos rsinp
YRP = _sinycosr ‘ _cosycost -sin r
—cosysinp+sinysinfrcosp ~—sinysinp+cosysinrcosp Ccosfrcosp
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Sincz we are dealing with small angies, considerable computation time can be saved by assuming the cosine
ofr,p,ory = 1, (cos 1° = 0.9998). If working in the radians mode one can assume that the sine of r, p, or y
equals r, p, or y. Therefore, YRP becomes:

l+yrp -y+rp p
YRP = p 1 ~-r

—p+yr -yp+r 1

If working in the degrees mode, first precompute sin r, sin p, and sin y.

Now we may multiply YRP on a set of "satellite” coordinates and calculate a set of "earth” coordinates fcr v.
For clarity let the satellite x, y, z coordinates be expressed as u, v, w to distinguish them from the angles r, p, and
y. Then:

X - (l+yrp)u+(-y+rp)v+pw
y = +
7 -(—p+yr)u+(—yp+r)v+ w

Notice that if roll, pitch, and yaw are zero, x’ = u, y’ = v, and 2’ = w as we wouid expect.
Finally, we can calculate 8’ and ¢’ for the "earth” system:

9’ = arccos (z)

¢’ = arctan (y'/x’)

Due to the quadrant ambiguity of the arctangent function, for negative tilts, 180° may need to be added to ¢’ to
correct ¢'.

EARTH LOCATION
If the latitude and longitude of a geographical position, and the distance and true bearing to a second geo-
graphical position are known, the latitude and longitude of the second geographical position can be calculated.

Distance and true bearing from the satellite ground point to the pixe! can be derived from 8 and &, or 8’ and ¢’ if
correcting for roll, pitch, and yaw.

Given the orbital altitude of the satellite, h, for example 952km, and the nadir angle 8, the surface distance,
8, in degrees great circle arc is:

8 = arcsin(R sin 9) —
where

R=(r+h)/r=1.1494,

and

r = earth mean radius = 6371.2km

The inclination of the CZCS orbital trackline is a function of latitude, and is 9.28° (west of north) at the
equator. For any latitude, the inclination, a, is:

a = arcsin(sin 9.28/cos lat)

‘—Z—II R o N X o Sodmex X PRI ~rrvsardnghli —— TR Y Semgpp - o b - o ——— epeetU . 115}




True bearing, B, then is ¢ — a, if B is negative, 8 = 360 + 8.

Fig. 8 represents a general spherical triangle.

Pounts:
G.P. G.P. is the ground point, subsatellite point, of the satellite.
P, P, is the north pole.
P P, is the pixel.
Angles:
B B is the true bearing from the satellite G.P. to the pixel.
Alon Alon is the difference in tongitudes between points G.P. and P,
5 & is the great circle distance between G.P. and P;.

Colaty  Colaty is the co-latitude of the G.P. (Colat = 90° - lat)
Colat;  Colat, is the co-latitude of the pixel.

If the latitude and longitude of the G.P. are known then the latitude and longitude of the pixel may be cal-
culated directly. From the cosine ruie:

lat, = arcsin(sin laty cos 8 + cos latg sin 8 cos 8) . (2)

A lat or lon subscripted with a 0 (laty) refers to the G.P. and those subscripted with a 1 (lat,) refer to the pixel.
Notice that the sine of the colatitude equals the cosine of the latitude, etc. From the sine rule

Alon = arcsin(sin 8 sin 8/cos lat;) . (3)
Then,

lon, = lony — Alon

These calculations work for all latitudes north (+) or south (-) to +80.72° and all longitudes, (+ west, - east),
for the north bound satellite track.

R
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If the latitude and longitude of the pixel are known, then the calculation of the latitude of the G.P. is a
complex quadratic equation since the true bearing, B, is a function of the unknown lat,. From above:

., B =~ ¢ — arcsin(sin 9.28/cos laty) . 4)

]
H
£

1 = sin 9.28/cos latg .

B = ¢ — arcsin |,

and we may substitute this in Eq. (2) above.

lat, =arcsin (sin laty cos & + cos latg sin & cos(¢ — arcsin I) ) .

The term containing I may be rewritten:

cos(¢ — arcsin I) = cos ¢ cos arcsin [ + sin ¢ sin arcsin [ . )
Note that
cos arcsin [ = /1 - I2
Therefore Eq.(5) equals:
=cos ¢ 1 ~1?+1sin ¢

= cos ¢ /1 — sin? 9.28 / cos? laty + sin ¢ sin 9.28/cos laty

-9 JJcos? laty — sin? 9.28 + sin ¢ sin 9.28
cos laty cos laty

Substituting this last back into Eq. (2) the laty terms cancel yielding:

sin lat, = sin laty cos 8 + sin & (cos ¢ +/cos? laty — sin? 9.28 + sin ¢ sin 9.28)

This can be rearranged yielding:

sin lato cos 8 + sin 8 cos & /1 — sin’ laty ~ sin? 9.28 = sin lat, ~ sin & sin ¢ sin 9.28 . )

I T D -
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X = sin laty

a = sin lat, — sin § sin ¢ sin 9.28
b =cos $

¢ = sin § cos ¢

d =1 —sin?9.28 = cos? 9.2,

Equation (6) becomes:
bx+cvVd—x?=a
Rearranging and removing the radical yields:

x2(b? + ¢?) — x(2ab) + (a2 —c?d) = 0

ab + valb? — (b2 + ¢?) (a2 - cid)

x= b? +c?

The value under the radical is chosen to be positive if tilt, (1), is negative and negative if tilt is positive. Then:
laty = arcsin x

Note: It is simplest to precompute the values of a, b, c, and d before attempting to caiculate x.

Beta is now calculated as in Eq. (4), and Alon is calculated as in Eq.(3). Long then is:

long = lon, + Alon .

TABLE OF USEFUL INFORMATION

Mean satellite orbital period (Nov-Dec 1980) = 104.07 minutes
Mean orbital velocity (great circle arc) = 5.76S x 10~? degrees/second
Mean satellite orbital altitude (Nov-Dec 1980) = 952 ki'lometers
Satellite scan rate = 123.75 milliseconds/scan line

Trackline inclination angle = 9.28 degrees west of north

Mean earth radius = 6371.2 kilometers

Earth rotational velocity = 4.1667 x 10~ degrees/second



PROGRAM LISTINGS

: The foillowing are listings of two sets of programs using the CZCS geolocation algorithms. First is a HPL
£ program for the H.P. 9825 calculator. This program is primarily a set of subroutines which may be used for spe-
cial stand alone applications. The calling routines, accessed by special function keys, provide basic calculations and
may be easily modified by for-next loops to provide for example, trackline latitudes and longitudes.

; Next, is a set of Fortran programs used in the Visibility Laboratory’s CZCS atmospheric correction algo-

H rithm. These subroutines, "CZSUBL" - "CZSUBS" and "CZSUBA", provide all the basic algorithm calculations.

' Also included is "CZNAV", a utility program similar to the HPL program, which calls the various CZ Subroutines.
All the Fortran programs are written to compile on a Prime 550 Computer. "CZNAV" is written in Fortran 77.
The CZ Subroutines have been compiled using Fortran 77 but were written using Fortran 66 protocol.

0: “CZNAV":

1l: “stand alone CZCS tracking program”:

2: "09 January 1981, visLab, Nolten":

3: aim L{6),M{2]),CS[32])

4: getk "CZKEY"

5: 6+F;ent “Enter output device.",F;gsb "Notes"

6: gto "START"

7:

8: "--=-=-":for K=1 tc 35;wtb F," ";next K;wtb F,"--=--ccme-- *,13,10;ret
9:

10: “dm":

1ll: "returns angles in degrees.minutes aecimal minutes®:
12: prnd(pl,-6)+pl;ret int(pl)+.6frc(pl)

13: "da":

l4: "returns angles in decimal degrees”:

15: ret int(pl)+frc(pl)/.6

16:

17: “dist":
18: "pl = nadir angle; returns p2 = distance":
19: asn(((952+46371)/6371)sin(pl))+p2;:p2-pl+p2
20: ret p2

22: "pix":

23: "pl=tilt, p2=pixel #, returns: p3=azimutn, p4=nadir ang, pS=shatt ang":
24: -39.04+.04p2+p5

25: 2acs((cos(pl)+sin(pl)cos(p5))/v¥2)+pb

26: l8u+atn(sin(pS)/(sin(pi)-cos(pl)cos(p5)))+p?

27: "theta®:acs(-sin(pbt)cos(p7))-p4

28: If p6=90 or p6=270;sgn(p5) *2*18U~9Usgn(p5) =p3; jmp 2

29: "pni”:atn(sin(p6)sin(p7)/cos(p6))+p3;if pl<0;180+p3+p3
J0: it not (w or x or Y);ret

31: "Roll-Pitcn-Yaw":

32: "x,y,z":81n(p4)cos(p3) +p8;sin(pd)sin(p3) p9;cos(p4)+plo
33: "sin (R.P.Y)":sin(w)*pll;sin(x)+pi2;sin(Y)+pll

34: "x'":(l+pllpl2pll)py+(-pl3+pllpl2)py+pl2plOo~pld

35: “y'“:plipu+p9-pllplOepls

Jo: "2'":(-pl2+pllpll3)p8+(~pl2pli+pll) p9+pl0+plo

37: "theta'":acs(plh)~p4

38: if pl4;atn(plS/pld)~p2u;ift T<0;180+p20+p20

39: if not pl4;sygn(plS)90+p20;if T<0;180+p20+p20

40: "phi'":p20+p3

41: ret

43: “pixdir”:

44: "entry: pl=track line azimuth, p2=G.P. lat; return: plstrue bearing”:
45: pl-asn(cos(8u.72)/co8(p2))+p3;it pi<u;3o0+pl+pl

46: ret p)

48: "pixlat”:
49: "entry: pl=G.P. lat, p2sstc dist, pl=true bearing; retucrn: p4=pix lat":

11



50:
S51:
52:
53:
S54:
5S:
56:
57:
58:
59:
60:

65:

69:
70:

90-pl~p§;acs(cos(p5)cos(p2)+sin(pS)sin(p2)cos(93))0p4;90-p(*p4
ret pd

*pixlon":

"entry: pl=Pix. lat, p2=G.P. lon, p3=stc dist, pd4=true bearing®:
*return: pS=pixel longitude®:
p2-asn(sin(p4)sin(p3)/sin(90-pl))~+pS

ret pS

®"equa":

"entry:plsGP lat, p2=GP lon; return: p3=sec since, p4=deg since":
“pS=scan line since, pé6=longitude of equator”:
asn(sin(pl)/sin(80.72)) *»p4;p4/5.765e-2+p3

p3/.12375+p5; p2~asn(tan(pl)/tan(80.72))-4.1667e-3p3+»p6é;ret pé

"scanli®:

“entry: pl=seconds, p2=aegrees; return: p3=scan lines":
if p2sVU;E2/5.765e-2+pl

pl/.12375+p3;ret p3

*second”:
"entry: plxscan lines, return: p2=seconds, pl=degrees”:
.12375pl+p2;p2*5.765e-2+p3;ret p2

"latlon”":

"entry: pl=new sec since equa, p2=lon of equa”:
"return: p3=new lat, p4=new lon":
5.765e-2pl+p5;:asn(sin(80.72) sin(p5) ) +»pé

: p2+asn(tan(p6)/tan(80.72))+4.1667e-3pl+pd;pb+pl;ret

"GP":

*pl=Azimuth, p2=Distance, p3=Lat-l; ret p4=Lat-Q":
sin(p3)-sin(p2)sin(pl)sin(9.28) »rl

cos(p2) »r2

sin(p2)cos(pl)+rl

cos(9.28) *2+r4

: £lr2+rS5;r2%24r3%2+r6
: £5%2-r6(rl*2-r3*t2r4)~r7

if £7>0; 4717

: 1f not (sgn(T)+ry);lers

asn( (rS-sgn(r8)r7)/r6) »p4d;ret

"Iter":xa U
Oel+U;19069+V
"L1*:(U+v)/2+P;cll 'pix'(1/2,P,A,N,R)

: cll 'GP'(A,'aist'(N,D),L[3]),L(1])

cll 'pixair'(A,L(1l},8);L(4)+asn(sin(B)sin(D;/cos(L(3])))~+L[2]
cll 'equa'(L{1]),L{2]),5,0,M,K)

I+l+1;d8p "Iter:",I;if 1>20;999+k

it abs(K-Ler0)<.00028 or R=999;9to +4
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i 100: if ro<o;pP-U

$ 101: if c0>0;PsvV

; 102: gto "L1"
103: ret
104:
105: “"START":
106: £mt ¢35, = *,£f15.4
107: beep;dsp "Key Special Function to Continue®;stp
108:
109: “5%:
110: "DegMin-DecDeg and ScanLine-Time conversions":
111: prt "Conversion Codes";fmt cl0," =",cd
112: wrt 16,"seconds","S", "scan lines","L","dec deq","DD", "deg min", “DM"
113: wrt 16,"QUIT","Q";spc 2
1l14: ent "Enter value and Identity code",C$
115: i7 pos(cap(C$),"u");cll '----';gto “START"
116: val(Cs)+C
117: fmt 1,10x,£7.2," SECONDS =",£6.0," SCAN LINES"
118: tmt 2,10x,£7.0," SCAN LINES =",f7.2," SECONDS"
119: fmt 3,10x,£f10G.4," DEGREES MINUTES =",f10.4," DECIMAL DEGREES"
120: tmt 4,10x,£10.4," DECIMAL DEGREES =",f1(.4," DEGREES MINUTES";fxd 1
121: it pos(cap(C$),"s");wrt F+.1,C,'scanli'(C)
122: if pos(cap(C$),"L");wrt F+.2,C,'second'(C)
123: if pos(cap(C$),"M");:;wrt F+.3,C,'dd"'(C)
124: if pos(cap(C$),"DD");wrt F+.4,C,'dm'(C)
125: gto -1l
126:
127: "6":
128: "Enter Equa crossing Lon & Time, Sta. Lat-Lon, get sta pix vals & time":
129: ent "Enter Equatorial crossing Long.",L

- 13u: ent "Time ct crossing (HH . MMm) ", 2

131: ent "Enter Station Latitiude",L[3]),"Station Longitude",L{4),"Tilt",T
132: gsb "Iter"
133: wtb F,10,10
134: wrt F,"SIATION LATITUDE",'dm'(L{3)),"STATION LONGITUDE", 'dm'(L(4])
135: wrt F,"EQUATORIAL LONGITUDE",'am'(L),"TIME AT EQUATOR",2
136: wrt F,"TILT",7T
137: cll '-===';if R=99Y;wrt F, "STATION NOT SEEN THIS PASS, R",999;gto +4
138: wrt F,"TIME OF STATION PASSAGE™,'dm'('dd'(2)+'da'(s5/6000))
139: wrt F,"STATION PIXEL NUMBER",prnd (P,0)
140: wrt F,"SECONDS SINCt EQUATOR",S,"SCAN LINES SINCE EQUATOR" M
141: gto “"SIART"
142:
143: "7":
144: "Enter Pixel Lat-Lon, Pixel %, get G.P. Lat-Lon, & Equa aata":
1l45: ent "rnter Pixel lat.",L{3},"Pixel lon."”,L[4]),"Pixel #",P,"Tilt",T
ldo: cli ‘'pix’'(r/?,p,A,N,R);cll 'aist'(N,D)
147: cll 'Cr'(A,D,L(3},L[1))
l48: cll 'pixair'(A,L{l]),d):L(4)+asn(sin(B)sin(D)/cos(L(3]))~L[2}
149: cll ‘egqua'(L(l),L{2}),5,0,4,L)

13




150:
151:
152:
153:
154:
155:
156:
157:
158:
159:
160:
161:
162:
163:
164:
165:
166:
167:
168:
169:
170:
171:
172:
173:
174:
175:
176:
177:
178:
179:
18u:
181:
182:
183:
184:
185:
186:
187:
luy:
18y:
190:
191:
194
193:
194:
195:
196:
197:
198:
19y:

wtb F,10,10

wrt FP,"PIXEL LATITUDE", 'dm'(L(3)),"“PIXEL LONGITUDE", 'dm'(L[4]))
wrt P,"PIXEL #",P,"TILT",T

cll *'--=-';wrt F,"G.P. LATITUDE", 'dm'(L({1]})

wrt F,"G.P. LONGITUDE", 'dm'(L[2]),"EQUATORIAL LONGITUDE®", 'dm'(L)
wrt F,"SECONDS SINCE EQUATOR",S,"SCAN LINES SINCE EQUATOR" M
gto "START"

“g%:

"Enter Pixel Lat-Lon, X-Y corrds, second pix X-Y coords,":

"Get second pixel Lat-Lon":

ent "Enter lst Pixel lat.",L{3],"lst Pixel lon.”,L(4]),"1lst Pixel #",P
ent "1lst Pixel Scan line #",M[1],"Tilt",T

ent "Enter 2nd Pixel #",U,"2nd Pixel Scan line #",M[2)

cll ‘'pix'(T/2,P,A,N,R);cll 'GP'(A,‘'dist'(N,D),L(3],L[1])

cll 'pixdir'(A,L(1]),B);L(4])+asn(sin(B)sin(D)/cos(L{3])) +L{(2]

cll ‘equa‘'(L([1l),L(2),5,0,M,L)

cll 'latlon'(S+'second’'(M([1l])-M[2]),L,L{1),L[2])

cll ‘pix'(t/2,Q,A,N,R)

cll 'pixlat'(L([l]),'dist'(N,D), 'pixdir*'(A,L(1]),B),L(S]))

cll ‘'pixlon*(L(5]),L(2)}),D,B,L(6])

wtb F,10,10;wrt F,"FIRST PIXEL LAT",'dm'(L[3])

wrt F,"FIRST PIXEL LONG",'dm' (L(4)),"FIRST PIXEL #",P

wrt F, "FIRST PIXEL SCANLINE $",M[1l),"SECONC PIXEL #",Q

wrt F,"SECOND PIXEL SCAN LINE #$",M(2),"TILT",T;gst "---=-"

wrt F,"SECOND PIXEL LAT",'dm'(L[S]),“SECOND PIXEL LONG",'am'(L(6])
gto “START"

"9%:

"Enter Reference Pixel Lat-Lon, X-Y corrds, station pix Lat-Long,":
"Get station pixel X-Y values":

ent "Enter Ret Pixel lat.",L([S]) ,"Ref Pixel lon.",L({6),"Ref Pixel $",Q
ent "Ret Pixel Scan line #",M{1l],"Enter Tilt",T

ent "Enter Station Latitude",L(3] ,"Station Longitude®,L[4])

cll ‘'pix'(r/2,4,A,N,R);cll °'GP'(A,'dist'(N,D),L(S}),L[1])

cll 'pixdir'(A,L{l),B);:L{6)+asn(sin(B)sin(D)/cos(L(5])) ~L[2]

cll 'equa'(L{l},L[2),5,0,M,L);M*M[2]);95b "Iter"”
M[Ll]+(M(2]-M)+M;prnd (M,0) *M;prna (P,0) +P

wtb F,10,10;wrt F,"RLFERENCE PIXEL LATITUDLE",'am'(L[5])

wet F,"REF PIXEL LONGITUDE®,'am'(L{6]}),"REF PIXEL X VALUE",y

wet F,"Rer PIXEL 1 VALUE" ,M([1},"STATION LATIfUDL", 'dm'(L([3])

wrt F,"SLATION LONGITUDE",'ém*(L(4])),"TIL1",T;gSD "-===-"

wrt bF,"SIATION PIAEL X VALUE®",P,"STATION PIXEL Y VALUE" M

yto "ULlAKIL®

*10":
"Enter w.P. Lat-Lon, Tilt, Yixels; ret Pixel Lat-Lon":
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[t

UL

200:
201:

202:
203:
204:
205:
206:
- 207:
208:
209:
210:
211:
212:
213:
214:
215:
216:
217:
218:
219:
220:
221:
222:
223:
224:
225:
226:
227:
228:
229:
230:
231:
232:
233:
234:
235:
236:
2137:
238:
239:
240:
241:
242:
243:
244:
245:
246:
247:
248:

ent
cll

cll
cll
wtb
wrt
wrt
wrt
wrt
wrt
gto

*Enter G.P. Lat",L[1]},"G.P. Lon®,L[2),"Tilt",T," "Pixels" ,P
‘pix*(r/2,P,A,N);cCll 'dist'(N,D)

‘pixdir*'(A,L[1),B);cll *pixlat*(L(2],D,B,L(3])

'pixlon'(l..[3] ,L(2},0,B,L[4])

F, 10,10

F,"G.P. LATITUDE','GN'(L[I]),'G.P. LONGITUDB','dm'(L[z‘),'TILT',T
F'.PIXEL ’”,P;Cll fmmm ?

F, "NADIR ANGLE" ,N, "AZIMUTH ANGLE" ,A

F,"DISTANCE TO PIXEL",D,"BEARING TO PIXEL" ,B

F, "PIXEL LATITUDE“,'dm'(L[3]),'PIXBL LONGITUDE", ‘am' (L[4])
“START"

"11":
"Change Roll, Pitcn, and/or Yaw" :

ent "Enter Roll",w,"Pitcn”,X,"Yaw",Y

fmt 2/,25x,"NEW ROLL, PITCH, YAW:";wrt F

fmt c35," = ",t7.2;vwrt F,'ROLL',W,'PITCH",K,'YAW',Y
gsb .____-

gtc "START"

“Notes" :

if F=701;:fmt 3/;wrt 701

if Fs6;wtb 6,102,125

fmt
wrte
wrt
wrt
wrt
wrt
wrt
wrt
wrt
wtb
fmt
fmt
wit
wrt
wrt
wrt
wrt
wrt
wrt
wrt
writ
wrt
wet

7x,c

F," THE CZNAV PROGRAM CAN BE USED TO CALCULATE A VARIETY OF"
F, "CZCS NAVIGATION PROBLEMS. THE ROUTINES ARE ACCESSED BY USE OF"
F, "THE SPECIAL FUNCTION KEYS. NOTE: ALL ANGLES ARZ ENTERED"

F, "IN DECIMAL DEGREES, OUTPUT IS IN DEGREES MINUTES."

F, "FOR DEGREES-MINUTES ENTRY, FUNCTION KEY FO WILL CONVERT THE"

F, "ANGLE AND ENTER IT; USE KEY FO INSTEAD OF THE CONTINUE KEY."

F, *"TILT 1S INITIALIZED TO 20; ROLL, PITCH, YAwW TO 0. TILT 1s"

F, "ASKED EACH TIME, USE F11 FOR R.P.Y. VARIABLES ARE GLOBAL.*"
F,10,10

'KEY',JOX,'DESCRIPYION‘,/;wrt F

0,"F",£2.0,": “,c;fmt 1,7x,c;€fxd 1

F,6,"FROM EQUATORIAL CRUSSING LONG, TIME, AND STATION LAT-LONG,"
F+.1,"CALCULATE TIME OF STATION PASSAGE AND PIXEL #."

F,7,"FROM PIXEL LAT-LONG AND PIXEL $. CALCULATE G.P. LAT-LONG."
F,8,"FROM 1ST PIXEL LAT-LONG, X-Y VALUES, AND 2ND PIXEL X-Y VALUES,"
F+.1,"CALCULATE 2ND PIXEL LAT-LONG."

F,9,"FROM REF PIXEL LAT-LONG, X-Y VALUES, AND STA PIXEL LAT~LONG,"
F+.1,"CALCULATE STATION PIXEL X-Y VALUES ."

F, 10,"FROM G.P. LAT-LONG AND PIXEL s, CALCULATE PIXEL LAT-LONG."
F,11,"ENTER NEW ROLL, PITCH, AND YAW VALUES."

#,5,"DEG MIN - DEC DEG AND TIME - SCAN LINE CONVERSIONS."
F,0,"DEGREES MINUTES ENTRY."

if F=701;wtb 701,12

ret
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Lo dL

249:
250:
251:
252:
253:
254:
255:
256:
257:
258:
259:
260:
261:
262:
263:
264:
265:
266:
267:
268:
269:

271:
272:
273:
274:
275:
276:

*variables”:

"0
“p
"Q

.R'

"s
“T
U
"V
W
"X
"y
"2

“"L(*) = iatitude-longitude array (odd=lat, even=lon)":

satellite azimuth to pixel":
true bearing from G.P., to pixel®:

.,

distance to pixel in degrees great circle arc":

.,

output device number”:
-,

.

general counter®:

equatorial longitude used in 'Iter'":
equatcrial longitude of satellite crossing":
scan lines from equator to G.P.":

satellite nadir angle from G.P. to pixel™:
degrees great circle arc from equa. to G.P.":
pixel number (primary or reference pixel)":
pixel number (secondary pixel) ":

satellite mirror shaft angle":

seconds since equatorial crossing":
satellite tilt angle (2 tau)":

used in 'Iter'":

used in 'Iter'":

satellite roll angle*:

satellite pitch angle”:

satellite yaw angle":

Time of equatorial crossing”:
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C2SUB.DOC - Documentation of the CZCS Navigation Subroutines

TS T T P LI TR R LA LA LA L LA LA bbb bbbl
CZSUBl - CZCS NAVIGATION SUBR #1

Given a CZCS G.P. latitude, longitude and travel time in seconds,
this routine calculates a new G.P. latitude and longitude.

CALL CZsuBl (XINCLP,PBRIOD,XLATO,XLONGO,T,XLAT,XLONG,IERR)

iti*itt*t!iii*iiiiittiittitttﬁiititﬁtt*iitittti*titﬁtﬂtiit*ittttﬁtt

tttititttttﬁttttiii*ltiiﬁ*tttﬁﬁtﬁ'tittﬁiiit*tti*ii*ititﬁt*'tittt*itQ
C4SuB2 - CZCS Navigation Subr #2

Given the CZCS G.P. latitude, longitude, tilt, and scan angle,

this subroutine will return the pixel latitude and longituae.

CALL CZSUBZ(XINCLP,ALTCOR,KLATO,KLONGO,TILT,XNU,XLAT,
* XLONG ,PITCH,ROLL,YAw,IERK)

*iiit'i’iﬁt*iﬁiiiitt*iﬁ**tﬁitiﬁti*iQ*ttii*iﬁtiﬁitiiitit*iﬁtti*iﬁittt

ltittititititﬁiiﬁiti#ttttitti*tit*t*tﬁtiii*ttittwtittttt*iitit
CzSUB3 - CZCS Navigation Subr #3
This subroutine returns the Latitude ana Longitude ot the Grouna
pPoint ot the Satellite. The input variables are the Latitude ana
Longitude, Tilt and Scan Angle ot a Pixel, ana the Roll, Pitch,
and Yaw, Satellite altitude factor, and equatorial trackline
inclination angle ot tne Satellite. See CiSuB Variable inaex for
explanation of variable names.

CALL CZSUB3(XINCLP,ALTCOR,XLAT,XLONG,TILT,KNU,XLRrO,
* XLONGO,PI'fCH,ROLL, YAw,ILRR)

i'i'tﬁ.t.tﬁt..i'i#i'iitﬁ*ti'ittt*tﬁ'iiii'itﬁ"tt*tf‘i'ttttitittt

ittﬁi'ti'....ﬁOﬂtt.'i.t‘ii'.iiﬁtﬁtiiiiiﬁttt‘it'i.itiit.i*.i'itttttﬁ

CzSuB4 - CZCS Navigation Subr #4
Given a satellite G.P. latituae and longituae,
this subroutine calculates the longituae oL equatorial crossing,
and tne satellite travel time trom the equator to the G.bk.

CALL Ciésup4 (KINCLP,PERIOD,XLATU,ALONGO,&LONGP,T,IERR)

t.'t"'.ﬁt.i'ti'ii'i't'ti'..ﬁ'tt.iitiitiiﬁiiilit.'.ﬁtiit.ti'tﬁ'iﬁt
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C2SUBS - CZCS Navigation Subr #5
Given a pixel latitude and longitude and an eguatorial crossing
longitude, this subroutine iterates to find a satellite G.P.
latitude and longitude which (1) contains the pixel in its scan
and (2) crossed the equator at the given longitude. Also returned
are the scan angle (XNU) and transit time (T). If the iteration
fails, meaning no ground point meets the criteria, a value of -9999
is returned for XNU.

CALL C2SUBS5 (XINCLP,ALTCOR,PERIOD,XLONGP ,XLAT ,XLONG,TILT,
* XLATO ,XLONGO,T,XNU, PITCH ,ROLL, YAW,IERR)

'ﬁ'ti*it*ﬁ*i*iii*tiiﬁ'iii*****iit***itt*titi*i*i*iﬁ*ttii*ifit*****tt

t*ﬁii*iit*itt'i'i*t*it**titt**i**iiitittﬁitttiiit*ﬁ*iii***tttﬁ*ii

CZSUBA - CZCS Navigation subr A
This is an internal subroutine called by several of the other czcs
navigation subroutines. Given the tilt, scan angle, roll, pitch,
and yaw, tnis routine calculates the trackline relatlive bearing
to the cixel, the effective scan angle, and the earth surtace
distance (in radians) from the satellite G.P. tc the pixel.

SUBROUTINE CZSU3A (ALTCOR,TILT ,XNU,RPSI,RTHS ,RTH, PITCH,ROLL, YAW
» ,IERR)

Qit'tﬁtﬁﬁ*t*ﬁ*ti***iittttiiiti*t*titti*tiiit*iiiit*titttti*ﬁﬁit!i*ﬁ

CZSUB - VARIABLES

These are the variables named in the call lists in the various CZCS
navigation subroutines. All variables are REAL*8 except IERR.

ALTCOR The altituge correction (R+h)/R, where R is the radius ot
tne earth and h is the orbital altitude ot the satellite.
Supplied by the main cr calling prcgram.

IERR This is a logical variable which when true enables errcr
trace printcuts at the terminal. Supplied by the main or
calling program. LGGICAL*2

PER10D The orbital perioa of the satellite in seconds. Suppliea
by the main or calling program.

PI'ICH The state ot rotation of the satellite about the Y axis
in degrees. Supplied by the main ot calling prcgram.

ROLL rhe state of rctation of the satellite abcut the X axis
in degrees. Suppliea by the main cr calling program.
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RPSI

RTH

RTHS

TILT

XINCLP

XLAT

XLATO

XLONG

XLONGO

XLONGP

XNU

YAw

The trackline bearing to the pixel in radians. Returned
by CZSUBA.

The earth surface distance from the G.P. to the pixel in
radians. Returned by CZSUBA.

The effective scan angle (as modified by tilt) in radians.
Returned by CZSUBA.

The orbital travel time of the satellite between two
points in seconds. For example the time for satellite
transit from the equator to the current G.P. Supplied or
returned depending on subrcutine.

The tilt angle of the C2CS scan view in degrees. This
is as read frcm the satellite (or double the tilt angle
of the mirror shaft ,Tau). Svpplied by the main or
calling program.

The trackline equatorial inclination angle, 9.28 deg
west ¢f north,

The latitude of the pixel in decimal degrees. Supplied or
returned. Or, the new latitude in CZSUBl; returned.

The latitude of the G.P. in decimal aegrees. Supplied or
returned. Or, the input latitude in CZSUBIl.

The iongitude of the pisel in decimal aegrees. Supplied
or returned. The return longitude in CZSUBI.

The longitude of the G.P. in decimal degrees. Supplied
or returned. The input longitude in CZSUBI.

The longitude of equatorial crossing in decimal aegrees.
supplied or returned.

The mirror scan angle in degrees. Supplied by main cr
calling progranm.

The state of rotation ot the satellite about the 2 axis
in degrees. Supplied by the main cr calling program.

Note that while the angular variables are supplied or returned
in degrees, the internal computer computations are performed
in radians. These angular variables are converted in the
subroutines and then reconverted before return. The exception
to this is CZSUBA whose call list contains radians. variables
whicn start with an X are in degrees and those with an R




are in radians. For example within CZSUB3, XNU is converted to
RNU and XLAT becomes RLAT.

0o

C --------- — o = i A > S S
C *%* LIST OF SUBPROGRAMS IN FILE “CzsuBs”: (CZSUB1 - CZSUBA)
C » CZsuBl
C . CZSUB2
C . CzZsuB3
C " czsuB4
C - CZSUBS
C . C2SUBA
(o *#% END DIRECTORY ***
C ...........................................................
Cs$
C ittitﬁiii'ttﬁttttittiﬁi*ttt*ti*itti!iﬁtilt*tt Y2 22222222222222 222
C CZSUB1 - CZCS NAVIGATION SUBR $1
C Given a CZCS G.P. latitude, longitude and travel time in seconds,
C this routine calculates a new G.P. latitude and longitude.
(o
(o 22 July 1981, W. wilson, visibility Laboratory,
C Scripp's Institution ot Oceanography.
c
C tiﬁttt#titii*tiiiti*ttt'ﬁii'ttt'i*tiiiitﬂttttﬁitttt* PYR2EX222 2222 2 24
C
SUBROUTINE CZSUBl (XINCLP,PERIOD,XLATO,XLONGO,T,XLAT,XLONG,IERR)
Cc
IMPLICIT REAL*8(A-H,0-2)
REAL*8 PI,PIDZ,DEGRD,DATAN,DATANZ,DSIN,DCOS,DARCOS,DARSIN,DSQRT
REAL*8 RINCLP,RLATO,RINCLO,DT,X,RLAM,DTAN,DABS,RLAT
LOGICAL IERR
(o
PI = 4.0*DATAN(1.0DO)
DEGRD = PI/180.0
C
RINCLP = XINCLP*DEGRD /* equatorial inclination
RLATO = XLATO®*DEGRD
C
C Calculate trackline inclination at initial G.P.
RINCLO = DASIN(DSIN(RINCLP)/DCOS(RLATO))
C
(o Calculate degrees trackline traveled in T (fixec earth)
DT = T*360.0/PERIOD*DEGRD
(o
C Calculate new G.P. latitude
X = DCOS(DT)'DSIN(RLATO)+DSIN(DT)'DCOS(RLATO)'DCOS(RINCLO)
RLAT = DASIN (X)
XLAT = RLAT/DEGRD
C
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C Calculate delta longitude
RLAM = DASIN (DSIN (RINCLO)/DCOS (RLAT) *DSIN (DT) )
DLAM = RLAM/DEGRD

C

(o New longitude = old long + del lon + earth rotation
XLONG = XLONGO + DLAM + T*4.167E-3

C

IF (IERR) PRINT 2000,XLATO ,XLONGO ,XLAT ,XLONG,DLAM,T
2000 FORMAT (' CZSUBl1 - XLATO ,XLONGO,XLAT,XLONG,DLAM,T = ',/,
* 1P6Gl3.6)

RETURN
C *#%* END SUBROUTINE CZSUBLl ##**
END
Cs
C AARARRARRARRRRRRRARNRARRR RN RN RN R R R RRARNARRRRRRRANRNNRNARRRRRNAAARNER R
(o CZSUB2 - CZCS Navigation Subr #2
C Given the CZCS G.P. latitude, longitude, tilt, and scan angle,
C “his subroutine will return the pixel latitude and longitude.
C
Cc 22 July 1981, W. wWilson, visibility Laboratory,
Cc Scripp's Institution of Oceanography.
C
C AR RARRRARRNANANRRNARANN RS AR AANR AR AR R R R RN N TIRARNARRANRRARNNRRRRANRN AR RN
C
SUBROUTINE C2SUB2(XINCLP,ALTCOR,XLATO ,XLONGO,TILT ,XNU,XLAT,
* XLONG,PITCH,ROLL ,YAW,IERR)
(o
IMPLICIT REAL*8(A-H,0~2)
REAL*8 PI ,P.N2,DEGRD
REAL*8 RINCL?,KLATO ,RINCLO,RPSIP,RPSI ,RTH,X, RLAT,DLAM
REAL*6 RTHS
C
LOGiCAL IERR
c
PI = 4.0*DATAN(1.0DQ)
DEGRD = P1/180.0
C

IF (IERR) PRINT 2000
200U FORMAT (' ENTER C2SUB2')

C
C Get Psi and Theta trom C4SUBA
CALL CZSUBA (ALTCOR,TILT,XNU,RPSI ,RTHS,RTd,PIICH,ROLL,YAW,IERR)
C
RINCLF = XINCLP*DEGRD
RLATO = XLATO*DEGRD
C
C Calculate trackline inclination at G.P. latituage
RINCLO = DASIN(DSIN(RINCLP)/DCOS (RLATO))
C Calculate true bearing to pixel

RPSIP = RPSI - RINCLO
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"

Calculate pixel latitude
X = DSIN (RLATO)*DCOS (RTH) + DCOS(RLATO) *DSIN (RTH) *DCOS (RPSIP)
RLAT = DASIN (X)
XLAT s RLAT/DEGRD /* convert back to degrees

Calculate delta longitude
X = DSIN (RPSIP)/DCOS (RLAT) *DSIN (RTH)
DLAM = DASIN (X)
XDLAM = DLAM/DEGRD

Calculate pixel longitude
XLONG = XLONCO - XDLAM

PSIP = RPSIP/DEGRD /* convert back to degrees
TH = RTH/DEGRD
IF (IERR) PRINT 2003 ,PSIP,XLAT,XDLAM

2003 FORMAT (' PSIP,XLAT,XDLAM = ',1P4G13.6)

RETURN

#%#* END SUBROUTINE CZSUB2 ***
END

ttﬁii'tiﬁ*ittttﬁ'tt.ﬁtifiiitti*t*.ii'ttit*iti'*ttitfl"ti*'i't

SUBROUTINE C2SUB3
This subroutine returns the Latitude and Longitude of the Ground
Point of the Satellite. The input variables are the Latitude and
Longitude, Tilt and Scan Angle of a Pixel, and the Roll, Pitch,
and Yaw, Satellite altitude factor, and eguatorial tracklins
inclination angle of the Satellite.

22 July 1981, W. wilson, Visibility Laboratory,
Scripp's Institution of Oceanography.
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SUBROUTINE CZSUB3(XINCLP,ALTCOR,XLAT ,XLONG,TILT,XNU,XLATO,
* XLONGO,PITCH,ROLL, YAW,IERR)

IMPLICIT REAL*8(A-H,0-2)
REAL*8 PI ,PID2,DEGRD
REAL*8 RPSI,RTH,RLAT,RINCLP,A,B,C,D,AB,XD,X XP,X1,X2
REAL*8 RLATO1l,RLATO2,RLATC ,RINCLO ,RPSIP,DLAM
REAL*8 RTHS
LOGICAL IERR

PI = 4,0*DATAN (1.0D0)
DEGRD = P1/180.0 /* Degrees-Radians conv

IF (IERR) PRINT 2000

2000 FORMAT(' ENTER CZSUB3')

CALL C2SUBA (ALTCOR,TILT, XNU ,RPSI ,RTHS,RTH,PITCH,ROLL,YAW,IERR)
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RLAT = XLAT*DEGRD
RINCLP = XINCLP*DEGRD

Set up Quadratic variables from CzCS angular components,
See documentation for derivation.

A = DSIN (RLAT) - DSIN(RTH)*DSIN(RPSI)*DSIN(RINCLP)
B = DCOS (RTH)

C = DSIN (RTH) *DCOS (RPSI)

D = DCOS (RINCLP) #*2

AB = A*p

XD = B*%2 4 C##)
IF (IERR) PRINT 2001,A,B,C,D,XD,AB
X = AB**2 - XD# (A®*2-D*C*#*2)

XP = 0.0

IF (X.GT.1.E-10) XP = DSQRT(X)

/* Calculate intermediate vals

2001 FORMAT(' A,B,C,D,XD,AB = ',1P6G13.6)

C

Xl = (AB + XP)/XD /* The +/- values from the
X2 = (AB - XP)/XD /* Quadratic.

IF(IERR) PRINT 2005,X ,X1,X2

2005 PORMAT(' X,X1,X2-',1P3G13.6)

RLATOl = DASIN (X1)
RLATO2 = DASIN (X2)

IF(IERR) PRINT 2006 ,RLATOl ,RLATO2

2006 FORMAT('* RLATO1 ,RLATO2-',1P2G13.6)

C
C
C

If the tilt is positive choose the negative quad.
component and if negative the positive,

RLATO = RLATO2

IF(TILT.LT.0.0) RLATO = RLATOl

XLATOl = RLATO1/DEGRD

XLATO2 = RLATO2/DEGRD

XLATO = RLATO/DF.GRD

Calculate true bearing to pixel
RINCLO = DASIN (DSIN (RINCLP)/DCOS (RLATO) )
RPSIP = RPSI - RINCLO

IF(IERR) PRINT 2002,RPS1P,RTH,RLAT

2002 FORMAT(' RPSIP,RTH,RLAT-',1P3G13.6)

C
C

C

Calculate longitude difference G.P. to Pix
X = DSIN(RPSIP)'DSIN(RTH)/DCOS(RLAT)
DLAM = DASIN(X)
XLAM = DLAM/DEGRD
XLONGO = XLONG + XLAM /* Calc G.P. Longitude

IF (IERP) PRINT 2003 ,XLATO1,XLATO2 ,XLONGO, XLAM

2003 FORMAT(' LAT1,LAT2,LONG,DLONG = ', 1P4G13.6)
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PSIP = RPSIP/DEGRD
IF(IERR) PRINT 2004 ,PSIP,XLATO,XLAM
2004 FORMAT (' PSIP,XLAT,XDLAM = ',1P4Gl3.6)
RETURN
*#*% END SUBROUTINE CZSUB3 #***
ND
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CZSUB4 - CzZCS Navigation Subr %4
Given a satellite G.P. latitude and longitude,
this subroutine calculates the longitude of equatorial crossing,
and the satellite travel time from the equator tc the G.P.

22 July 1981, W. Wilson, visibility Laboratory,
Scripp's Institution of Oceanography.
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IMPLICIT REAL*8(A-H,0-2)

REAL*8 PI ,PID2,DEGRD,DATAN ,DATAN2,DSIN,DCOS,DARCOS ,DARSIN,DSQURT

|
|
|
\
|
\
|
|
\
|
|
SUBROUTINE CZSUB4 (XINCLP,PERIOD,XLATO ,XLONGO ,XLONGP ,T, IERR)
REAL*8 RINCLP,RLATO ,RLAM,RT,DTAN,DABS,DT

LCGICAL IERR

PI = 4.0*LATAN(1.0DOQ)
DEGRD = FI/180.0

0

RINCLP = XINCLP*DEGRD
RLATO = XLATO*DEGRD

Calculate the delta longitude
RLAM = DASIN (DTAN (RLATO) *DTAN (RINCLP))

aono o

Calculate the degrees traveled and transit time
RT = DASIN (DSIN (RLATO)/DCOS (RINCLP))
DT = RT/DEGRD
T = DI*PERIOD/360.0

nn

Calculate the 2quatorial crcesinyg longituae
DLAM = RLAM/DEGRD
XLONGP = XLONGO - DLAM - T*4.l167E-3

(@]

IF(IERR) PRINT 2000, XLATO, XLONGO , XLONGF ,D'( ,DLAM,T
2000 FORMAT(' CzSuB4 - XLATO,XLONGO ,XLCNGP,DT,DLAM,T = ',/,
* 1P6G13.0)
C

r
e
e
-
-
3
2
3

RETU RN
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#** END SUBROUTINE CZSUB4 ***
END
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CZSUBS - CZCS Navigation Subr #5
Given a pizel latitude and longitude and an equatorial crossing
longitude, this subroutine iterates to find a satellite G.P.
jatitude and longitude which (1) contains the pixel in its scan
and (2) crossed the eguator at the given longitude. Also returned
are the scan angle (XNU) and transit time (T). It the iteration
fails, meaning no ground point meets the criteria, a value of
INTL(-9998) is returned for XNU.

22 July 1981, w. wilson, visibility Laboratory,
Scripp's Institution of Oceanography.
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SUBROUTINE CZSUBS(XINCLP,ALTCOR,PERIOD,XLONGP,XLAT,XLCNG,TILT,
* XLATO,XLONGO,T,XNU,PITCH,ROLL,YAW,IERR)

IMPLICIT REAL*8(A-H,0-2)
LCGICAL IERR

XL = 0.0 /* initial pixel limits
XH = 1969.
ITER = 0

Start with a known pixel lat-lon ........

10 CONTINUE

XM = (XL+XH) /2.0 /* estimate pixel number
XNU = -39.36 + (XM-1.0)*0.04 /* and scan angle

GO calculate a coresponding G.P. lat-lon

CALL CZSUBJ (XXNCLP,ALTCUR,XLNP,KLONG,TILI,ANU,XLATO,
* XLONGO,PI11Cd,ROLL, YAW,IERR)

Go tind the estimateo G.P.'s equatorial crossing lon
CALL CLSUU4(KINCLP,PEEIOD,XLATO,XLUNGO,XLONGu,T,IERK)
Compare estimateo eG. lon with input ey. lon

VIF = ALUNGY - XLONGP

1F (DABS(DIiF).LI..00028) GO TO 10V /* yood - go return
IILR = ITEF + 1
It (I'ER.G1.2V) GO U 20v /* wcn't work - guit

or
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IF(DIF.CT.0.0) XH = XM /* adjust scan limits
IF(DIF.LT.0.0) XL = XM /* for next try
C
IF (IERR) PRINT 2000,XM,XNU,XLATO ,XLONGO ,XLONGP ,XLONGQ,DIF
2000 FCRMAT (' CZSUBS - XM,XNU,XLATOMXLONGO ,XLONGP ,XLONGQ,DIF =°*,
* /,F7.1,F8.2,1P6G11.5)
C
GO TO 10 /* go try again
C
100 CONTINUE
IF(IERR) PRINT 2000,XM,XNU,XLATO ,XLONGO,XLONGP ,XLONGQ,DIF
RETURN
200 CONTINUE
PRINT 2001
2001 FORMAT (' FAILED TO CONVERGED - PROBABLY OQUTSIDE IMAGE')
XNU = -9999,
RETURN

C *+4 END SUBROUTINE CZSUBS #**#

END
C$
C LA AR R R 2 222 R R YR SR R R R R R R R 2R Y] RABANAANS
C CZSUBA - CZCS Navigation subr A
C This is an internal subroutine called by several of the other CzCS
C navigation subroutines. Given the tilt, scan angle, roll, pitch,
C and yaw, this routine calculates the trackline rela:live bearing
C to the pixel, the effective scan angle, and the earth surface
C distance (in radians) from the satellite G.P. to the pixel.
C
C 22 July 1981, W. Wilson and J. Nolten, Visibility Laboratory,
C Scripp's Institution ot Oceanography.
g L 3 X ] '.Q'ttt'ttt...'t.ttQt.ttttttttt.tttitttitt.ttt.ttti.t.".tt.t.t.
C

SUBROUTINE CZSUBA (AL.TCOR,TILT ,XNU, RPSI ,RTHS ,RTH, PITCY ,ROLL, YAW

* LIERR)
C
IMPLICIT REAL*8(A-H,0-2)

REAL*8 PI ,PID2,DEGRD,I ROOT

REAL*8 PI3D2,RPSI,RTH,RNU,RTHS ,RTILT
C

LOGICAL IERR
C
C

PID2 = DATAN(1.0D0)*2.0

Pl = PID2*2.0 /* calculate pi

PI3D2 = PID2*3.0
C
c DEGRD = P1/180.0 /* degree - radian conversion

IF (IERR) PRINT 20C0,ALTCOR,TILT,XNU
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2000

3001

anon

3002

non

C
C
C

3003

3

3004

FORMAT (* ENTER CZSUBA , ALTCOR,TILT,NU & ',3F8,.3)
RNU = XNU*DEGRD
T = TILT/2.0
RT = T*DEGRD
IF(TILT.NE.0.0) GO TO 1
RPSI = PID2
IF(XNU.LT.0.0) RPSI = PI3D2
RTHS = DABS (RNU)
GO TO 2
CONTINUE
IF(IERR) PRINT 3001 ,RT,RNU
FORMAT (' 1',"' RT,RNU',1P3G13.6)

Calculate Theta-n and Phi-n

IROOT = 1,.0D0/ DSQRT(2.0D0)
RTHR = 2,*DACOS(IROOT* (DSIN (RT) *DCOS (RNU ) +DCOS (RT) ) )
RPHIM = DATAN (DSIN (RNU )/ (DSIN (RT)~DCOS (RT)*DCOS (RNU)) ) +P1
IF(IERR) PRINT 3002,RTHM,RPHIM,RTHR

FORMAT (' 2',' RTHM,RPHIM,RTHR',1P3G13.6)

Calculate Theta and Phi

RTHP = 1,0D0/DSQRT(2.0D0)

RPHIP = DATAN (DTAN (RTHR)*DSIN(RPHIM))

IF(TILT.LT.0.0) RPHIP = PI + RPHIP

IF(IERR) PRINT 3003,RTHP,RPHIP
FORMAT (' 3',' RTHP,RPHIP',1P2Gl13.6)

IF (ROLL.NE.O0. .OR. PITCH.NE.O. .OR. YAw.NE.O.) GO TO 3
RPSI = RPHIP

RTHS = RTHP
GO TO 2
CONTINUE

Correct for roll pitch and yaw

DSIN (RTHP )*DCOG (RPHIP)
DSIN (RTHP) *DSIN (RPHIP)
DCOS (RTHP)
YAW*DEGRD
ROLL *DEGRD
PITCH*DEGRD
(1.0D0 + Y*R*P)*U + (-Y+R*P)*V + P*W
Y* + V - R*W
ZP = (=P+Y*R)*U + (=P*Y+R)*V + Ww
IF(IERR) PRINT 3004,U0,V,W,XP,YP,ZP
FORMAT(' 4',' U,V,w ,XP,YP,Z2P',1P6G13.6)
RTHS = DACOS(2P;
RPSI = DATAN2(YP,XP)
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2 CONTINUE
RTH = DASIN (ALTCOR*DSIN (RTHS)) - RTHS
THS = RTHS/DEGRD
TH = RTH/DEGRD
PSI = RPSI / DEGRD
IF (IERR) PRINT 2001,THS,TH,PSI
2001 FORMAT(' THS,TH,PSI = ',1P3G13.6)
C
RETURN
**%* END SUBROUTINE CZSUBA #*#*
END

***CZCS NAVIGATION PROGRAM***
PROGRAM CZNAV

This program uses the CZCS Navigation Subroutines to per form
a variety of C2CS location calculations. A menu of functions
is provided, variables are global so that, if iterating, only
changing parameters need be reentered. Output is displayed
on the terminal and written to an output file 'C2CS.DATA'.
22 July 1981, J. Nolten, Visibility Laboratory, Scripp's
Institution of Oceanography

OO000OOO0OH N0

IMPLICIT REAL*8 (A-G,N-2)
INTEGER*4 PTR,TTY,CHOICE
CHARACTER*80 CHAR
LOGICAL IERR
DATA IERR/.FALSE./,PTR/16/,TTY/1/

C /* SETUP
PER = 104.09 /* SATELLITE CONSTANTS
PERIOD = PER*60.
XINCLP = 9,28
C ALTCOR = (952. + 6371.)/ 6371.
ALTCOR = 1.1494
REV = 1./.12375

ROLL = 0,
PITCH = Q.
YAW = O,
TILT = 20.
ZERO = 0,
NADIR = 0, 32
C
OPEN (UNIT = PTR,
* FPILE = 'CZCS.DATA',
* STATUS = 'UNKNOWN',
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* ACCESS = °SEQUENTIAL',
* FORM = 'UNFORMATTED',
* ERR = 99)

C
1000 FPORMAT (/,//,15X, 'Welcome to the CZCS Navigation program.',/)
1010 FORMAT (5X,'This program provides a variety of CzCS calculations',
/,'selectable from the menu to follow. Besides the terminal,’,
* /.,'input and output are written to file "CZCS.DATA".')
1020 FORMAT (5X,°'Note: ROLL,PITCH, and YAw are initialized to zerc, ',
* /.,13X,'and TILT is initialized to +20.',/)
1030 FORMAT (5X,'Please enter Date and/or any information you wou}a*,/,
* 'lire included as header on your output file. (80 char. avall)')
1040 FORMAT (A)
WRITE (TTY,1000)
WRITE (TTY,1010)
WRITE (TTY,1020)
WRITE (TTY,1030)
READ (TTY,1040) CHAR
2000 FORMAT (//,15X,'CZCS Navigation Calculations',/)
2010 FORMAT (2X,A,//)
2020 FORMAT (5X,50(°'~'),/)
WRITE (PTR,2000)
WRITE (PTR,2010) CHAR
WRITE (PTR,1020)
WRITE (PTR,2020)

/* MAIN LOOP

noon

10 CONTINUE
1050 FORMAT (//,20X,°'MENU',/)
1055 FORMAT (' Angle Conventions: entry and output in DOD.MMmm',/,
. ' North and wWest pcsitive',/)

1060 FORMAT (' 1: Enter Pixel Lat-Lon, X-Y coords, get G.B. ',
* ‘Lat-Lon, Equator data.',/,
b ' 2: Enter G.P. Lat-Lon, Pixel #; get Pixel Lat-Lon.',/,
* '3 Enter Pixel Lat-Lon, X-Y coords, second Pixel X-Y,"*',
* /.8X,'get second Pixel Lat~Lon.',/,
* ' 4 Enter Equatorial crossing Longitude, Time, °',
b ‘Station Lat-Lon;',/,8X,
* ‘get Station Pixel values and Station Time.',/,
* ' S Enter Station Lat-Lon, Calculate Equtorial crossing',
* ' wim‘w. .,/'
* ' 6: Enter Pixel Lat-Lon, X-Y coords, Station Pixel ',
* ‘Lat-Lon,',/,8X, 'get Station Pixel X-Y coords.',/,
. ' 7: DegMin-DecDeq and Yime-Scan Lines conversions',
* /' 8: Change Roll, Pitch, and Yaw settings.',
* /' 92 QIT".)

1070 FORMAT (/,'PLEASE ENTER NUMBER OF CALCULATION TO PERFORM. ')
WRITE (TTY,1050)
WRITE (TTY,1055)
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4000
4001
4002
4010
4011

4013
4020
4030
4040

4050
4051
4052
4053
4054

4055
4060
4061
4062
4070
4090
5000

e XX g

2n
300u

WRITE (TTY,1060}
WRITE (TTY,1070)
READ (TTY,*) CHOICE

GO TO (20,30,40,50,60,70,80,90,100) ,CHOICE
WRITE (TTY,*) 'INVALID CALCULATION TYPE'
GO TO 10

FORMAT (//,' INPUT')

FORMAT (20X,10(*'-=%),/.' ouT>2UuT')

FORMAT (/,10X,30('-"'),/)

FORMAT (' Pixel Latitude, Longitude:',2F10.4)

FORMAT (' First Pixel:',/,5X,'Latitude and Longitude:*,

* 2F10.4,/,5X,'X and Y values:',216)

FORMAT (' Tilt =',F7.1)

FORMAT (' Pixel Number:',IS5,', Tilt:',F5.1)

FORMAT (' G.P. Latitude, Longitude:',2F10.4)
FORMAT (' Equatorial crossing Longitude:',F10.4,/,

" * travel time since equator: ,F7.1,' seconds.')

FORMAT (' Equatorial crossing Longitude:',F1C.4) /
FORMAT (' Equatorial crossing time:',F7.2)
FORMAT (' Station not seen by this Satellite pass. ')
FORMAT (' Station Latitude and Longitude:',2F10.4)
FORMAT (' Optimal equatorial window from',F9.4,' to',

* F9.4,'.")

FORMAT (' Station Pixel ¥ and Y values:',2I6)

FORMAT (' Second Pixel Latitude, Longitude:',2F10.4)
FORMAT (* Travel time between scans:',f7.1,' seconds.')
FORMAT (' Second Pixel X and Y values:',2I6)

FORMAT (' Time of Station passage:',F8.3,', Pixel #',IS)
FORMAT (* Roll, pPitcn, Yaw changed to:',3F8.3)

FORMAT ()

From Pixel into, calculate G.P. info

CONTINUE
FORMAT ( 'Enter Pixel Latitude, Longitude, Pixel Number, and Tilt')
WRITE (TTY,3009)
READ (TTY,*) XLAT ,XLONG,PIXNOLl,TILT
XLAT = DMTOD (XLAT)
XLONG = DMTOD (XLONG)
XNU = =39.04 + ,04*PIXNOL
CALL CZSUBJ(XINCLP,ALTCOR,XLAT,XLONG,TILT,XNU,XLATO,
* XLONGO ,PITCH,ROLL, YAW,IERR)
CALL CzSUB4 (XINCLP,PERIOD,XLATO,XLONGO,XLONGP,T,IERR)
XLAT = DTODM (XLAT)
XLONG = DTODM (XLONG)
XLATO = DTODM(XLATO)
XLONGO = DTODM(XLCNGO)
XLONGP = D'rODM (XLONGP)
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' WRITE (TTY,4000)

; WRITE (TTY,4010) XLAT,XLONG

: WRITE (TTY,4020) PIXNOLl,TILT
WRITE (TTY,4001)
WRITE (TTY,4030) XLATO,XLONGO
WRITE (TTY,4040) XLONGP,T
WRITE (TTY,4002)

WRITE (PTR,4000)

WRITE (PTR,4010) XLAT,XLONG
WRITE (PTR,4020) PIXNOLl,TILT
WRITE (PTR,4001)

WRITE (PTR,4030) XLATO ,XLONGO
WRITE (PTR,4040) XLONGP,T
WRITE (PTR,4002)

WRITE (TTY,*) 'Use RETURN key to continue program when ready.'
READ (TTY,5000)
GO TO 10

From G.P. Lat-Lon and Pix #, Calculate Pixel Lat-Lon

000

)
l
| 30 CONTINUE
3010 FORMAT ('Enter G.P. Latitude, Longitude, Pixel #, and Tilt')
WRITE (T1Y,3010)
READ (TTY,*) XLATO,XLONGO ,PIXNO1l,TILT
XLATO = DMTOD (XLATO)
XLONGO = DMTOD (XLONGO)
XNU = =39.04 + .04*PJIXNOL
CALL C2SUB2(XINCLP,ALTCOR,XLATO ,XLONGO,TILT,XNU,XLAT,
* XLONG,PITCH,ROLL, YAW,IERK)
XLAT = DTODM (XLAT)
XLONG = DTODM (XLONG)
XLONGO = DTODM (XLONGO)
XLATO = DTODM (XLATO)
WRITE (TTY,4000)
wRITE (TTY,4030) XLATO ,XLONGO
WRITE (TTY,4020) PIXNOL1,TILT
wRITE (TTY,4001)
WRITE (TTY,4010) XLAT,XLONG
wRITE (TTY,4002)

C
wRITE (PTR,4030) XLATO ,XLONGO
wRITE (PTK,4020) PIXNOLl,TILT
WRITE (PTR,4001)
WRITE (PTR,4010) XLAT,XLONG
WRITE (PTR,4002)

C

WRITE (TTY,*) 'Use RETURN key to continue program when ready.'

—
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40
3020
3021

READ
GO TO

(11Y,5000)
10

From Lat-Lon and X-Y for Pixel #1 and X-Y for Pixel #2
Calculate Lat-Lon for Pixel $2

CONTINUE

FORMAT ('Enter Pixel #1 Latitude, Longitude, Pixel and Scan {s')
FORMAT ('Enter Pixel and Scan #s for Pixel #2, and Tilt')

WRITE
READ

(TTY,3020)

(TTY,*) XLAT,XLONG,PIXNO1,SCANOL

XLAT = DMTOD (XLAT)
XLONG = DMTOD (XLONG)

WRITE
READ

CALL CZSUB3(XINCLP,ALTCOR,XLAT,XLONG,TILT,XNU,XLATO,

(TTY,3021)

(TTY,*) PIXNO2,SCANO2,TILT
XNU = -39.04 + .04*PIXNO1
T = (SCANO1-SCANO2)*0.12375

* XLONGO,PI'TCH,ROLL, YAw,IERR)

wRITE

WRITE (TTY,4011)DTODM (XLAT) ,DTODM (XLONG) ,PIXNO1,SCANO1

WRITE

WRITE (PTR,4011) DTODM(XLAT) ,DTODM(XLONG) ,PIXNO1,SCANOL
CALL CZSUBl (XINCLP,PERIOD,XLATO,XLONGO,T,XLAT ,XLONG,IERR)

XLATO

(TTY,4000)
(PTR,4000)

= XLAT

XLONGO = XLONG
XNU = -39.04 + .04*PIXNO2

CALL CZSUB2(XINCLP,ALTCOR,XLATO ,XLONGO ,TILT,XNU,XLAT,

* XLONG ,PITCH,RCLL, YAW,IERR)

XLAT

WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
wRITE
WRITE
WRITE
WRITE
WRITE

WRITE

= DTODM(XLAT)
XLONG = DTODM (XLONG)
XLATO = DTODM(XLATO)
XLONGO = DTODM (XLONGO)

{(TTY,4062)
(TTY,4013)
(TTY,4001)
(TTY,4060)
(TTY,4061)
(TTY,4002)
(PTR,4062)
(PTR,4013)
(PTR,4001)
(PTR,4060)
(PTR,4061)
(PTR,4002)

(TTY,*) 'Use RETURN key to continue program when ready.'

PIXNO2,SCANO2
TILT

XLAT ,XLONG
T

PIXNO2,SCANO2
TILT

XLAT, XLONG
T
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READ (T1Y,5000)
GO TO 10

Given Eq crossing lon and Sta. Lat-Lon,
Calc time of sta passage, scan posit

50 CONTINUE

3050 FORMAT ('Enter Equatcrial Crossing Longitude, Time {(HH.MMm)')
3051 FORMAT ('Enter Station Latitude, Longitude, and Tilt')

WRITE (T1Y,3050)

READ (TTY,*) XLCONGP,EQT

XLCNGP = DMTOD ( XLONGP )

WRITE (TTY,3051)

READL (P’TY,*) XLAT ,XLONG,TILT

XLAT = DMTOD (XLAT)

XLONG = DMTOD (XLONG)

CALL CZSUBS(XINCLP,ALTCOR,PERIOD,XLONGP ,XLAT,XLONG,TILT,
* XLATO ,XLONGO,T,XNU, PITCH ,ROLL, YAW,IERR)

ST1T = DTODM(DMTOD (EQT) + DMTOD(T/6000.))
XLONGP = DTODM(XLONGP)

XLAT = DTODM(XLAT)

XLONG = DTODM (XLONG)

PIXNOS = (XNU + 39.04)/.04

WwRITE (TTY,4000)
WRITE (TTY,4053) XLAT,XLONG
WRITE (TTY,4050) XLONGP
WRITE (TTY,40fl) EQT
WRITE (TTY,4001)
IF (INTL(XNU).EQ.-9998.) THEN
WRITE (TTY,4052)
GO T0 S1
END IF
WRITE (TTY,4070) STT,PIXNOS
51 CONTINUE
WRITE (TTY,4002)
WRITE (PTR,4000)
wRITE (PTR,4053) XLAT,XLONG
WRITE (PTR,4050) XLONGP
WRITE (PTR,4051) EQT
wRITE (PTR,4001)
IF (INTL(XNU).EQ.-9998.) THEN
WRITE (PTR,4052)
GO TO 52
END IF
WRITE (PTR,4070) STIT,PIXNOS
52 CONTINUE
WRITE (PTR,4002)
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WRITE (TTY,*) ‘'Use RETURN key to continue program when ready."'
READ (TTY,5000)
GO TO 10

From Station Latitude, Longitude, Calc Equatorial window

CONTINUE
WRITE (TTY,3051)
READ (TTY,*) XLATO ,XLONGO,TILT
XLATO = DMTOD (XLATO)
XLONGO = DMTOD (XLONGO)
CALL C2SUB4 (XINCLP,PERIOD ,XLATO ,XLONGO ,XLONGP,T,IERR)
CALL C2SUB2(XINCLP,ALTCOR,ZERO,XLONGP,TILT,35.0D0,XLAT,
* XLONGE,PITCH,ROLL, YAW,IERR)
CALL CZSUB2(XINCLP,ALTCOR,ZERO,XLONGP,TILT,~35.0D0,XLAT,
* XLONGW ,PITCH,ROLL, YAW,I ERR)
XLONGP = DTODM (XLONGP )
XLONGE = DTODM (XLONGE)
XLONGW = DTODM ( XLONGW)
XLAT = DTODM (XLAT)
XLATO = DTODM(XLATO)
XLONGO = DTODM (XLONGO)

WRITE (TTY,4000)

WRITE (TTY,4053) XLATO,XLONGO
WRITE (TTY,4001)

WRITE (TTY,4040) XLONGP,T
WRITE (TTY,4054) XLONGE ,XLONGW
WRITE (TTY,4002)

WRITE (PTR,4000)

WRITE (PTR,4053) XLATO ,XLONGO
WRITE (PTR,4001)

WRITE (PTR,4040) XLONGP,T
WRITE (PTR,4054) XLONGE ,XLCHGW
WRITE (PTR,4002)

WRITE (TTY,*) 'Use RETURN key to continue program when ready.'
READ (TTY,S5000)
GO TO 10

From refezence pixel and station Lat-Lon get sta. X-Y

70 CONTINUE

WRITE (TTY,3020)

READ (TTY,*) XLAT,XLONG,PIXNO1l,SCANO1
XLAT = DMTOD (XLAT)

XLONG = DMTOD (XLONG)

WRITE (TTY, 3051)

READ (TTY,*) SLAT,SLONG,TILT

34




R S e i

A (LR

Oonnn

SLAT = CMTCD (SLAT)
SLONG = DMTOD (SLONG)
XNU = -39.04 + .04*PIXNC]
CALL CZSUB3(XINCLP,ALTCOR,XLAT,XLONG,TILT,XNU,XLATO,
* XLONGO ,PITCH,ROLL, YAW,IERR)
CALL C2ZSUB4 (XINCLP,PERIOD ,XLATO,XLONGO XLONGP,T,IERR)
Tl =T
CALL CZSUBS(XINCLP,ALTCOR,PERIOD,XLONGP,SLAT,SLONG,TILT,
* XLATO ,XLONGO,T ,XNU, PITCH,ROLL, YAW,IEKR)
PIXNO2 = (XNU + 39.04)/.04
SCANO2 = SCANO1l - (T - T1)/0.12375

XLAT = DTODM (XLAT)
XLONG = DTODM (XLONG)
SLAT = DTODM(SLAT)
SLONG = DTODM (SLONG)

WwRITE (TTY,4000)
WRITE (TTY,4011) XLAT,XLONG,PIXNO1,SCANO1
WRITE (TTY,4C53) SLAT,SLONG
WRITE (TTY,4013) TILT
WRITE (TTY,4001)
IF (INTL(XNU).EQ.-9998) THEN
WRITE (TTY,4052)
ELSE
WRITE (TTY,4055) PIXNO2,SCANO2
END IF
WRITE (TTY,4002)

fWRITE (PTR,4000)
WRITE (PTR,4011) XLAT,XLONG,PIXNO1,SCANOL
wRITE (PTR,4053) SLAT,SLONG
WRITE (PTR,4013) TILT
WRITE (PTR,4001)
IF (INTL(XNU) .EQ.-9998) THEN
WRITE (PCR,4052)
ELSE
WRITE (PTR,4C55) PIXNO2,SCANO2
END IF
WRITE (PTR,4002)

wRITE (TTY,*) ‘'Use RETURN key to continue program when ready.'

READ (TTY,5000)
GO TO 10

DegMin-DecDeg and Time-Scan Lines conversions

80 CONTINUE
3080 FORMAT ('Enter value to be converted, space, and identifier:')
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3085 FORMAT (T15,'" L* = Scan lines*',/,T15,'" s* = Seconds',
* /,T15,'" DM" = Degrees Minutes',/,T15,'" DD" = Decimal Degrees',
* /.T15,' "Q" = QUIT')
3083 FORMAT (F7.1,' seconds equals',I5,' scan lines.')
3084 FORMAT (IS5,*' scan lines equals',F7.1,' seconds.')
3081 FORMAT (F10.4,°' degrees.minutes e ,uals',F10.4,' decimal degrees')
3082 FORMAT (F10.4,' decimal degrees equals',F10.4," degrees.minutes')
IFIRST = 1
81 CONTINUE
WRITE (TTY,308C(C)
IF (IFIRST.EQ.l) WRITE (TTY,3085)
READ (TTY,)040) CHAR
IF (INDEX(CHAR,'Q') .NE.O) GO TC 10
READ (CHAR,*) VAL
IF (INDBX(CHAR,'M').NE.O) THEN
WRITE (TTY,3081) VAL ,DMTOD (VAL)
E SE IF (INDEX(CHAR,'S').NE.O) THEN
+OITE (TTY,3083) VAL,VAL/0.12375
ELSE Ir \INDEX(CHAR,'L').NE.O) THEN
WRITE (TTY,3084) VAL,VAL*0.12375
ELSE
WRITE (TTY,3082) VAL, DTODM (VAL)
END IF
WRITE (TTY,4002)
IFIRST = IFIRST + 1
GO TO 81

Change Roll, Pitch, Yaw values

oOonon

90 CONTINUE
3090 FORMAT ('Enter new Roll, Pitch, Yaw vaiues, DECIMAL DEGREES!')
WRITE (TTY,3090)
READ (TTY,*) ROLL,PITCH,YAW
wRITE (TTY,4090) ROLL,PITCH,YAw
WRITE (PTR,4090) ROLL,PITCH,YAW
WwRITE (PTR,4002)

GO TO 10

99 CONTINUE
WRITE (TTY,*) 'ERROR ON FILE OPENING'
STOP 'EXIT C:CS Navigation'

100 CONTINUE
ENDFILE (PTR)
CLOSt (PTR)
STOP 'EXIl CZCS Navigation'
END
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REAL FUNCTION DMTOD*8(X)
REAL*8 X,P3,P2,DINT,OMOD ,DSIGN,DABS
REAL*8 DMTOD

P3 = DABS(X)

P2 = DINT(P3) + DMOD (P3,1.0D0)*100.0/6€60.0

DUTOD = P2*DSIGN (1.0D0,X)
RETURM
END
REAL FUNCTION DTODM*8(X)
IMPLICIT REAL*8(A-H,0-2)

REAL*8 P3,P2,DINT,DMOD,X ,0SIGN,DABS

P3= DABS{X) + .0000005

P2 = DINT(P3) + DMOD(P3,1.000)*60.0/100.0

DTODM = P2*DSIGN(1.0D0,X)
RETURN
END
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